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Conditional Distributionally Robust Optimization of Integrated Electricity and Heat
Systems with Variable Flow Regulation Modes
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ABSTRACT: The integrated electricity and heat system (IEHS)
can effectively promote renewable energy accommodation. The
refined model of the district heating system and the reasonable
model of the renewable energy uncertainty model are
challenging problems to IEHS dispatch problem. This paper
first establishes a conditional distributionally robust
optimization model of IEHSs with variable flow regulation
modes, which has two main improvements over the existing
paper
distributionally robust optimization by adopting the trim

studies.  Firstly, this establishes a conditional
ambiguity set to model the intrinsic dependence between the
renewable energy forecast error and its forecasted output
information, which can guarantee the security and optimization
of dispatch results. Secondly, this paper establishes an IEHS
model with variable flow regulation modes based on the energy
conservation equation and the one-order implicit upwind
method to fully exploit the flexibility of the district heating
system and promote renewable energy accommodation. The
proposed model has random variables and bilinear constraints,
which is difficult to solve directly. Thus, this paper transforms
with random variables into a nonlinear deterministic model
through the duality theory and conditional value at risk
approximation approach. Then, this paper proposes an adaptive
McCormick algorithm to solve the model with nonlinear
constraints. Case studies with different scale IEHSs show that
the model established in this paper can effectively reduce the
dispatch cost of IEHS, and the adaptive McCormick algorithm
can obtain an approximative optimal solution while
guaranteeing feasibility, where the optimal gap less than one
thousandth.
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Fig. 1 Heat map of the joint distribution of the wind farm
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TEBCA WL LR, AAFAEAS R U B2 3 (R
WeE, T s .

PT;EPP[TS{ar(Yt)TwI sb,(yt)}zl—g (33)

(32)
= max EP{

IP’ED;W

ot Y,y e AR (py, L pOP U, dTY V) 2

BRIy s Y, O ¢ B2 B K BLZEL T 8 R E LA

[ a, . b WHRBGERE; & R RE.
BE AN &2 R (B33 E A M UL B R, DR R

H CVaR HEE ML LR (33)IEALA:

sup P~ CVaR, (maxa, (Y,) @ b, (%))<0 (34)

PeD, ,

K34 P F ARy — H R PE LR (F4)!2), VR HE 3
AR R FRIEA 21 % F.
4.1.3 EHEL R

BB WRB0) T LR 0 — HE AW
(GS), V4TI R L RIAX M2 G.
4.2 FEZMLRK AR

2 AT AL TEHS WALy AR LR P
ARMMEERR, AT, REAEMN
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McCormick 5i%, {EARE R4 P25 1F T PLigisR
AR LR PR 1 Aol B AL A
4.2.1 DHS #5245 4

BINBRHY, Hi, HY ., HYY, K
PEIK) TEHS 1 FEAR AL A4

min Fy (xy) (35a)
st.g(xy) =0,h(xy) <0, (35b)

Hite =My zire Hos =Moo - Tors (35¢)
Hae =mp - opd Hot =mp -2 (35d)

e Xy 9 IEHS BRI iR E; Fy () A
AR ) HAR R g(e) R RR h 2t
LA h(e) Ny E A R A E XL
4.2.2 HI&MN McCormick 52

XF T B AT E L ALK, MceCormick £2
Zhae— A 1 FA S 77, McCormick 4% Ji 2
Wk 3 PR FR . LA (35¢) R /K TE 40 3R
A, H McCormick 4% 1] PLFR 7~ AP

Mc(Hf s, =mf zres) =

PS P_PS P _PS P __PS
Hots 2My 7y + My 7" —My 7y,

ps . —P ps p —PS  —P-—Ps
Hogs Z2Mo 7y + My 7b —Mp 7h (36)
H Ps <P PS p_Ps —P ps
bts =MbThys +My 2y —Mb 7y,

PS P_PS p S p_PS
Hots SMy7ps + My 7o — My 7o

e Mc(e) 5 SUCRARZ PE L3 MeCormick €125
() (o) 4 A B i R 5 R

#4(35¢)-(35d)R:Fl McCormick 1045 5, £k E4y
R (35) 1] ik Ay

min Fy, (X ) (37a)
st.g(xy) =0,h(xy) <0, (37b)
PS _ P _PS PR _ P _PR
MC(Hb,t,s =My, 'Tb,t,s)l MC(Hb,t,s =My, 'Tb,t,s)’ (37¢)
NS N NS NR N NR
MC(Hn,t = mn,t “Tht )i MC(Hn,t = mn,t Tt
P __PS
mP W mP — My, Thes
,b: v Tb‘f's . 7:‘ — WIhMcCormick 4%
my — McCormick 4 1" (-~  EEMER
McCormick{d 4%
mhy [
. my TS
L0 ms ””””””””””

PS il PS PS _iPS —PS —ps PS
Zy T Tots T, Ty Th Tp Tos

& 3 R McCormick 5BIER McCormick EiERE &
Fig. 3 Schematic diagram of the original McCormick

algorithm and adaptive McCormick algorithm

T 546 McCormick 53242 JEZR 4 2 R 1™,
P, PRIHASE AR (37) s A0 < B S8 Y (3 5) e AL At 1)
At SR, A3 SR (35) E g B W] REAF
TERRIIRA R, SFEMMASE RS ERE, E2
T R B 4 AR SRR R AN T AT

& 3 AT %0, JE4h McCormick 5592 (1) 2 sth ] B
R FIERIE I, Z[7]. [26)FIERHE LR
K, AW T —F0H &N McCormick 5%, il
IEAC, AErE4E McCormick f2% i FG L, MM
IRAG 5 T S B AT AT f# . B &Y. McCormick 5121
AEEWE 3 AE PR, ORI IE 1 FiR.

1E H &N McCormick H ik, 2BIE 1 Hi NI
SCHIE & AT & s FUERETEE m, Y,

—P =N A Ps PR NS NR TPS
Moyt « M » 355 TG Thits ™ Tots > Tnt > Tnt > Thits

Zn,t
—PR —NS —NR

Tbts~ Tnt~ Tnt o ﬁg?l% 2 %ﬂﬁﬁ'f’tﬂ%’fjﬁ1ﬁiﬁo_m 5
Tt obj BIEARUHN o W3 BB 1T A
MIEAIRE, R RAFGT) AW B e 5
[ i 3 [ 5 R My - SR R (3S5) AN BT 5
Hbrgd) E5t . M UE B RS T S A R 2
Wi R BE T ECHIE & I, f2 1EIEAR, b B g
T de 24k tH A AP B 5 v i8] 58 JoT I RIS SR A
[ RE(35) 3K AT, Wb R BRAE CRAE R B 7 S 75 Ji 7] /L (35)
H AT TP, X2 HIER McCormick VLA 46
McCormick 52— A2 3 X 5.
=1 Bi&ERN McCormick E;X{AKXIE

Tab.1 The pseudo code of adaptive McCormick algorithm
—P  —N
ﬁ)\? 5 KL, M, m;’t B mnNt , Mo, Mg, Zﬁs B ZE?S B L:‘f B
I: NR —PS —PR —NS —NR
va‘ ,Tbts , Thts , Tnt , Tnt
Wik obj«10°, obj¢-0, ne1
2 L My 2[my,mp], Vbt

NN Ar_PS _PR _NS _NR
EX: z-NP _[Tb,t,s’Tb,(,s'Tn,t 'rn,t ],Vn,b,t,s

3: while (0bj —0bj)/0bj >3 do

4: RAROB(37), FEARALAE Xy , 0bj", 4 Obj < obj’

5 [ E My =My, SRABLRERT(35)

6: if #ERI(35) AT AT

7: #/3 x, ,0bj", 4 obj=obj", xn <X

8: else

. RIS R, 34 Xy L obj", 4 obj «obj",
' XN ¢ Xy,

10: end

11: Myp < Max{ (L x) My, My |

12: Mp min{(1+k)m;P,ﬁNp}

13: Ty < max{(l_K)T;perp}

14: ;Np <—min{(1+zc)r;P,;Np}
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15: K< K-l
16: n«n+1
17: end

18:  #: x, . obj

Y/ GE| SERIE o)
McCormick {1, 2& fJ 1735
E I NEE T

B AT SR A AT 47
RETIAT
BRI

- HRER

e o o [

4 ZHEEREETER
Fig. 4 Illustration of the binary search algorithm
IR S PEEFRERE m &, NEGS)ATEE
TEAERTIF I, FVE3R1 EAR B . ik,

ASCHEH AL REE M TR SR UG T AT

TR EEN R PR B A 4 s, HO Y
FEMR21TH = Ho tbhh, R EETT U
FEAT T LA — 2047 8 B AT B 1]

5 HfHIsth

51 BHIgE

FEATSCH, J8Id 2 AN A [F] 1) HL- A SR A RE TR
RGIUEFTH T IERIA . MR RS 1N 6 4553
EPS 5 6 75 55 DHS #5-& 1M i /N IEHS, i
R4 M N DZRACHER T SEBR TEHS 9 ZEAi B4 17 9
A IEHSET . &4 #2 )7 5 T MATLAB2020a 5
YALMIP TEHAYS, RiEZHN Gurobi, {5

A Intel Core i7-11700 CPU @ 2.50GHz, 16 GB RAM.

EEAE F, NS 8RR E 2012 £2
2013 AR IE 23 B 3 IR LU 0 B s, JA e
WULEL T 35 22 10 A 1 5 P 4K R SR [17] o 32 1 f
Beta 4 i AR, 6f 45 5 (KRB TR HL A7 P
SERUIN 2 b 2 W BN o, = 0.2 +0.02,
FC 77 5 TR B A MR 4 A U 1 BT
i 4% FE 40 TR 5 4 B R T L 24 R R 52 5
YIBEE S 10%, BIERSa BN |/N, i
KN 24h, ARG N The
526 5 EPS 56 %55 DHS

MR RFE L2 s 1 E 1 s,
i 6 7 &4 EPS 1 6 15 15 DHS #5411 . IEHS H4,
B ARENLA, 2 AN KL, 14 CHP HLZL, 1
MRS, 2 ANHSART R 3 MR, RGN
ZH L [29]-

TER3CH, ERIIE T &R A SR
R, SR JE 0 UE T AR B A TR AR R K O
. McCormick 5% H1A R -

5.2.1 kAo AT S A B

IS UEAR S R 25 A 23 AT B PR A ) A R
ASCEE TR AT B A, 43 A TR A A
PERE S B TR . R T A SCHE 2 T IR
ERFA AT GBI, FICPHFRY TDRO. FARY
I ASCHER[16]H 42 H 1 LA 56 43 A O G G2
B, FXCHFN WDRO, 1% A & iR
WA KR TR 245 BB, A% &
P TR 7y 5 P R 2245 S5 A LE A1

AT, REU SR AEA N=50 1y i
B BRI R A R A, RN 53 HL M=20000
AN SRR A E A AT, oA B
AT B SR BE R A SRR, BIFEAR AP A S5 A
Ah & 56 B B ML 2 29 1 id R 2 (empirical joint
violation probability, EJVP)!'®l,

5 TDRO 5 DRO KIHEASMRL A
Fig. 5 Out-of-sample cost of TDRO and WDRO

6 TDRO 5 DRO Ey#ZASN EJVP

Fig. 6 Out-of-sample EJVP of TDRO and WDRO

AR ERESET, W EmEIss
HIBEAS SN ESAS Sz EIVP 73 il tn &l 5 518 6 s
HOR AR Ap AT BORI I & #5241, £ WDRO
HH Ap A Wasserstein Bk [F11-42 p , f/E TDRO H1 Ap N
R N PER oL, EEES, BlAp=p—pL. o

it 5 5K 6 vk, B Ap 130, TDRO
5 WDRO HIFEARSNAHGEEG R, TP E
WL IFEARSS BIVP #OZWEN, X 5 T 45
BT HIRRABE Ap KRN, 40 &k
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Z MR AN T, P A S R (R R FE 5
W&o 5—J71, 1EAp BUNS, BT TDRO H1RH
(G TE SR A 6% S 47 T00000 >4 mir JRCFRL T 1 70 R 1
SAE AT, PRI REETEN 2 v SEVE RIS, P2 AR bl
WDRO HAR K E A . 24 Ap =10 i}, 5 WDRO
AL, TDRO RERE T4 1.4% 10 B S A . BEE Ap 1Y
B0, R SR R R IR TG O, R AR T

B B LR S A (AR S5 BT BRI, 75 Ap =11,

PR R Y R A A A B R A AH [

A, AW T TDRO 5 WDRO *f-T-figkk
HHRERRW. B 7R SR TERMER G, &
TR G a5 R e & A 2 Ap B840
s, B 7 ATLLE Y, BEE G S E Ap 3N,
TDRO 5 WDRO [1Jig#% & H 2 S4B IZWH i, 1X
F A R G0 TR R B 2 1) et 4 FH 25 5 FH DA XU R
B AN B M R I RE A . 76 Ap B/, TDRO
FIREAAN A (B 5) 5 ajeik & ae (-7 #
tt WDRO A g/l , MR FEAS EIVP (& 7)
AR B A BB RTER A AT, X—IREK
B, DK T (S BN BB 4EH, TDRO
BTN LE T 2 T SE I B T3 TR AR A S P TR AR
2 A i B SR P R B SR

E7 TDRO 5 WDRO MREE ESETEEERASE
Fig. 7 Total upward and downward reserve capacity of
TDRO and WDRO

NHERASEMEIE R % o G FE 4 B, A
X E Ap =10, MHR/EAFR IEHS FIFREA SN K
A FEASM R & A BEBA L2 2R i 2R
(EJVP-R). FEAS R B I Bk A WL 2> 20 3 ik
% (EJVP-L), SRk 2 Fior.
2 TRMEERBAFEARIMERE

Table 2 Out-of-sample formance under different trim

WESCAM AT, FEASSEASBHI G SATT, MIEIER
HOd N, T i PR D SR A HOR LR RS
A, I SR AU N BN TR TR AT VB R 45
RIFTRE. o MHE S D0 e A A SR N 3 )
1%, B 3CIR23], AEASCRIER o 9| N [IN
5.2.2 ARSI R 15 A RN
P2 R B R, A SO LE
AR S TSR PR BT R
TEIXPIFR A 15 B, RS EIN R E N Ap =107
&3 AEETRAAERERA

Table 3 Cost under different adjustment modes

PR ATAR R R L I A AR
RS 1224228 123748.0
DHS /&A/$ 25040.8 26365.9

coefficient
a 1 0.8 0.6 0.4
FEAAMRA/S 1239233 122422.8 122043.9 120676.8
EIVP-R/% 5.50 7.17 7.79 11.07
EJVP-L/% 5.43 5.65 6.30 7.73

MK 2 R DA, FEE B ERIED, £
B I 56 A7 P 7 S B A R B A R EE 1S
A LR 22596 70 A AT 20N AT AN L 70 (261

FEPANE TR, IEHS A8 B R A tn 26
3 Fiane MERHTED, AT e i R,
FERIAS R BT IEHS A4 B A BRI
1.1%, DHS B AFEAC 5.0%, XUl 7 R38R
S R .

e, RSO 51 B AR T SRR
FEE SRR T T 2 58, ARSCRH 6 1 RG
RALKEE IGERETT A1 5 2 MEE), FaTTA
FIR P e, M 24h VB AR A T AT .
iR R WK 8 .

B8 ANREESHRUAREEORE
Fig. 8 The outlet temperature of the proposed model and

the node method model

ME 8 W LAE H, AT R A 575 i
i DR ZAR N, P ZEN 0.36%, REWH
JEZ I BORBEITHEL T R BBAh, T RUERITHE RS
8129 0.176s, 1A SCHT AL TS TR] 9 0.077s,
FHECT VAR =20 56%, UEW] T A SCHT - Y 2L
FRET VAR B

[, SAPRFUAE — R e 20w XU b e &l o
FEEEXT TEHS 2848 (1 J5E 45 5 SR A ] (R 5
FEARSCH O B A RS BRI B H 34T H, - &5
RAnE 9 Fis.



10 AN =< T 1 A B = S}

HIP 9 I %N, BEEE Bkl #0H (880, TEHS
U E AR IZ A0 1 T EL I An s PSR SR A
i 18] A AT sl (HARRONE K. thoh, fEF
BB H o 4 BLER S BRny, R BE AR 3 K T 2 B
RIRGE, 04 BUGINAE 5 B, AR E
C/NT SR B RUAR T 0.1%. PIILTEAR ST, ik
ESRINIVETERI 7Y 0 4 BB

B9 FEHEE T EERASKAERE
Fig. 9 Cost and solver time under different accuracy
NI FUR] AR T AR S TEHS 1 SR
IFEm, 1B 10 Won 17— KA AR Z] TEHS #2541
AT [FIRF, DUSREIHETE 188, BT —
RENN B EIERRERNL, B8 1 P& E
BT R R 11 PR .

B 10 TEIETRAESVENHRINZE
Fig. 10 Heat power of units under different adjustment

modes

Bl AREETHEANEE ] FRERE
Fig. 11 Mass flow in pipeline I under different adjustment

modes
ML 11 Fa] LLE Y, BT 1E e i T T AR
— R EEE, R E L R — K iR K7
Fi B SR E(07:00 5 21:00), AB{F) P ELHE W55
B RAM RN E. MR ART AR, SR

mR RS SRR R R A, R
BEVRIR 28 5 A e T . AL, T AR & A 1 A5
AT T RECE, @, 7R
IR RE AR, TR S REIR IR R, B
i IEHS HHEIT A . B 10 (8 B Sens [F AR I,
TE B AT B /N £E 00:00-05:00 « 08:00-13:00
22:00-24:00 B B, fERARmEA BT, BT
IKAER SIS FE B A Kk Ik, B CHP AL 544
BRI B AT Z R TR, AT PR P A
PN

WA, G AE A SR H 1) H & M. McCormick 5
WA R, K EEMN McCormick 592: [A] JB 46
McCormick ByER 43E¢ McCormick HyER, 5
45 McCormick HiET#HTILE, HatE g Rk
4 fion, K “IPOPT” 47 3K H IPOPT Kf##s &
BRARAR R 25 R, Rrp “2UER L F
R FEE 4 SR S (R LR P 20 SR A B i 5 R PR 24 o)
SO ELAE, E 38N McCormick Hikt (IS KR E
HN&=10°,x=0.02, £=0.01.

F 4 TRIEZERMRELLER

Table 4 Performance comparison of different algorithms

, o R
ik BRAS  RE% B [)/s

/%
IPOPT 122422.8 E— 372.3 0
J54E McCormick 112930.3 7.75 8.61 87.7
43 B McCormick — — >500 —
B4 McCormick AWAT — — —
[ 1 )% McCormick 122499.0 0.06 32.55 0

M 4 HeDUEH, SEECSREAEN, Frigs
& B McCormick 5HVZ BRI SR AR TR $2 T 1.4 %,
54 REMERRZENA 0.06%, [FE, BrsR1EH
BRI A HIE RN 0%, fESEhr BAA 4T
P JF4h McCormick i B AASK M PGE, (HiHTAr
TimEHEREN T FEREELEAR, Hib
McCormick H9%-5 AR AIAHXTRZN 7.73%, 1t
4b, BT McCormick Sk MM FASME IV, HARMAE
LML RIS S LLIA R 87.7%, %A SRS AL SEFR R
FEANAIAT o 53 Bt McCormick 5755 N K EBEAL &,
SR (R SE N1, A B AFFEA 45 McCormick
BRI SEBRASTTAT 1) . K46 McCormick 5%
TEARFA H, FEE AT AT AR AEEAN 0] AT ]
TESRF A B, Pl H &M McCormick
HR It ERIEAN .
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5.3 #WHRkAI IEHS

Nt — P IR A SR I H & M. MceCormick
FOEMARE, ATER 19 AR RAS 67 1
. DHS &1 538 T 200 TEHS BEATHT H. i A
RGEE 2 MRS, 14 A KEHL4L, 3 4> CHP
ML, 3 AMRSERY, CL2h AR RE, 4S5
DLSCHR[29]. 430K FH H & . McCormick ik, iR
4H McCormick Bk, 545 McCormick FiEXT 1/ &
IRy 12h 5 24h W07 B RGRME, HIE N
McCormick HyEZ 85 F/ANAE . £ B4 K557
W 5. 6 iR,

& 5. 6 ATLLEH, EAFGIH, 120 HE
IPOPT R fA#% 75 ZE4) 1.9h [+ 50 18], 70 24h 1 E
IPOPT Kfif#s Sh WIIESAF AR, Toikis 2 sk
brif B FE SR . JHE McCormick 7% 5 % 45
McCormick FIEAIRAAAE E— T I A /. AHLE
Z K, BH&EM McCormick Fikap LT 603s 5
166.3s BIF SE BT 58, BEERE KA B2 52T 100 %
PLlo AN, BHIEMN McCormick HyATE 12h Hh 54
R B AR AR IR ZE AN 0.056%, HIEZ Rk, FRIE
TG R AT VS A

5 12/)\Bf IEHS AR AR RELL R
Tab.5 Performance comparison of different algorithms in

12 hours dispatch

\ e yd ) ZIFE R
Hik SRAY/S R 7E/% B [H)/s
/%
IPOPT 480609.0 — 6884.5 0
J5 45 McCormick 348325.4 27.28 7.43 95.14
45 McCormick NGIERS — — -
F3& 3 McCormick 480340.2 0.056 60.3 0

6 24 /\BY IEHS A RE LR MHERELLER

Tab. 6 Performance comparison of different algorithms in

24 hours dispatch
Hik SERAS 5 1) /s 2y i H /%

IPOPT _— >18000 _

J5 i McCormick 731513.6 22.8 95.19
'B45 McCormick K47 — —_

[ 3& M. McCormick 1005239.1 166.3 0

:l: N
6 Zn 1@

BHXS TEHS FROUH L R, ASSCREH 10k A
AR A AT TEHS 251000 A B4 2 16 B
JER 5 MORMRARE, FEERIT:

1) /£ TEHS BRI, ASCIR M T ik Kon] A2
TN IBHS S5 15 70 A S pe AL BEA R,

FIT AR AR BE A X6 X EE AN e MRS A R SE, R 7
Sr¥29% DHS BB R G, $Emae i iR H R,
TEPRAIE VR FE 45 S n] S [F] ), BRI TEHS 3847 A

2) TERMEETH, HIEMN McCormick ik
AJ DLCECRAE AT AT M A AT H2 T PRos R AR 2R AR RS (1)
Il g, LR T T2 —.

IEAL,  EORAE SR e I VR 2 A W ST XL AL
ST TN, R RN FE AR AE A T T, A7)
TR AR 2 I B AR, R AT L BER A S R
T AR A B, DAORIE A B 45 R e 4
M5 ARt

g i, ASCRASETERTT, IR
W EPS 5 DHS A EAIEH 5817, f£/5
sRfEt s, fRiE— R E R A, S
IEHS ™ EPS 5 DHS HPRIgE 5 A 2 [F3E A7 o

B3 3Rk
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Integrated Electricity and Heat System (IEHS) can
effectively promote renewable energy accommodation.
Accurately modelling the IEHS dispatch problem is vital
to secure the IEHS operation and maximize its value in
accommodating renewable energy.

However, most existant studies neglect the intrinsic
dependence between the renewable energy forecast error
and its forecasted output information. This issue may not
guarantee the security and optimization of dispatch
results. In addition, most studies also neglect the variable
flow regulation modes, which can further exploit the
flexibility of the district heating system, as well as
promote renewable energy accommodation.

To resolve the above issues, in this paper, we first
establish a conditional distributionally robust optimization
model of IEHSs with variable flow regulation modes,
which has two main improvements over the extant studies.
Firstly, this paper establishes a conditional distributionally
robust optimization by adopting the trim ambiguity set to
model the intrinsic dependence between the renewable
energy forecast error and its forecasted output information.
Secondly, we establish an IEHS model with variable flow
regulation modes based on the energy conservation
equation and the one-order implicit upwind method.

To solve the proposed model with random variables
and bilinear constraints, in this paper, we first transform
the model with random variables into a deterministic
model through the duality theory and conditional value at
risk approximation approach. Next, we propose an
adaptive McCormick algorithm to solve the model with
bilinear constraints, as shown in Fig. 1. In the adaptive
McCormick algorithm, an objective lower bound is first
McCormick
Meanwhile, an objective upper bound is obtained by fixing

obtained from the original algorithm.
one of the variables of bilinear terms. In addition, we
embed a binary search algorithm into the adaptive
McCormick algorithm to solve the infeasible problem after
fixing variables. Specifically, the final solution in the
adaptive McCormick algorithm must be a feasible solution
to the original problem, which is a significant difference
from the original McCormick algorithm.

— m’ . — Mo nis
P Bt “bils 3 __Initial McCormick
— McCormick envelopes
envelopes m |~ McCormick envelopes
after update bound

< S R P N
Fig.1 Schematic diagram of the original McCormick
algorithm and adaptive McCormick algorithm
As shown in Fig. 2 and Tab. 1, the proposed model
can lower the dispatch cost of IEHS. In addition, as can be
seen in Tab. 2, the adaptive McCormick algorithm can
obtain an approximative optimal solution, and the

constraint violation ratio (CVR) is zero, which guarantees

the feasibility and optimity of the dispatch results.
«10% Out-of-sample cost of IEHS

1.35

—-Proposed DRO
—o-Traditional DRO

Total Cost ($)

Fig.2 Out-of-sample cost of proposed DRO and

traditional DRO

Tab.1 Cost under different adjustment modes

Regulation Modes Variable flow Constant flow

Total Cost/$ 122422.8 123748.0

DHS Cost/$ 25040.8 26365.9

Tab.2 Performance comparison of different algorithms

Algorithm Cost/$ Error/%  Time/s  CVR/%
IPOPT 122422.8 S 3723 0
Original McCormick 112930.3 7.75 8.61 87.7
Piecewise McCormick . — >500 —
Tightening McCormick Infeasible — — —
Adaptive McCormick 122499.0 0.06 32.55 0




